Mortality was low, and the mortality of the ACRBC was approximately half that of the modern strain. Average BW
INTRODUCTION
A number of breeding companies have been in existence since the late 1940s to early 1950s that have specialized in applying quantitative genetics to the selection of chickens for meat consumption (Havenstein et al., 1994a) . The geneticists employed by those companies have greatly increased growth rate and have reduced feed conversion (FC) and age to slaughter for commercial broilers. Those genetic changes, along with management and nutritional changes, combined with the application and efficiencies of vertical integration, ultimately led to the development of the modern broiler industry and its ability to produce poultry meat at about the same price today as it was being produced in the early 1950s. Improvements in genetics, poultry management, and vertical integration have caused broiler meat consumption in the United States to rise from about 4.0 kg in 1950 (Tarver, 1986) to strain, the Ross 308, when grown on representative 1957 and 2001 dietary regimens to determine changes in growth rate, FC by age, and mortality, as well as how genetics and nutrition have contributed to those changes. Companion papers report data on carcass and parts yield and immune response Cheema et al., 2003) .
MATERIALS AND METHODS

Strains and Strain Management
Hatching eggs for the ACRBC strain were kindly provided by the University of Georgia, Athens, GA. The ACRBC eggs were set along with hatching eggs kindly provided by Allen's Hatchery, Liberty, NC, from a Ross 308 breeder flock. All chicks were hatched and grown at the North Carolina State University Poultry Educational Unit, Raleigh, NC. The chicks were hatched on November 28, 2001, and were sexed, neck-banded, and subsequently placed 21 birds per pen on top-dressed, used pine-shavings litter (2,120 cm 2 per bird). Due to a poor hatch of the ACRBC strain, only 21 chicks were placed per pen. Thus, the birds in the current study had approximately 635 cm 2 /bird more space than was used in the Havenstein et al. (1994a) study. Each pen contained one bell-type hanging waterer and two tube-type feeders. Male exclusion grills were placed in all feeders to prevent the birds from getting into the feeders and scratching out the feed. Continuous light was provided for the first 3 d, and 23L:1D was provided thereafter. Brooder temperature was 32°C and was reduced 2.6°C/wk until an ambient temperature of 21°C was reached. Thereafter, the temperature of the facility was maintained as close as possible to an average of 21°C for the remainder of the study. Water and feed were supplied ad libitum. 
Diets Used
The assessment of the nutritional contribution to the improvement in broiler growth and efficiency was accomplished by placing half of the birds from each strain on dietary regimens that were thought to be typical of those being used in 1957 vs. state-of-the-art diets being used in 2001. The 1957 rations were minor modifications of those published by Titus (1961) , who indicated they were typical of 1957. The 2001 rations are similar to those being used by North Carolina producers and to those being recommended for Ross broilers during 2001. Of course, no single ration or set of rations is typical of all rations that were being used at either of those points in time, but it is believed that these diets incorporated most of the major nutritional changes that have taken place between those two periods of time. Descriptions of all of the diets involved in the two dietary regimens are provided in Table 1, along with their laboratory analyses for protein,  fat, fiber, and ash. Tables 2 and 3 provide the mineral  and vitamin premixes and coccidiostats used. Both dietary regimens were based on corn and soybean meal. The 2001 diets contained higher levels of soybean meal than did the 1957 diets (Table 1) . The 1957 diets contained meat and bone meal, alfalfa meal, distiller's grains, dried whey, wheat middlings, and fish meal, which provided some of the vitamins that are supplemented in synthetic form in modern diets. The 2001 diets used poultry meal and poultry fat, which were not present in the 1957 diets.
The 2001 diets contained higher protein and energy levels than the 1957 diets ( Table 1 ). The 2001 diets also contained more lysine, methionine, total sulfur amino acids, and fat but less Ca and P than did the 1957 diets. The 1957 diets were fed as mash, whereas the 2001 diets were fed as crumbles (starter) and pellets (growers and finisher).
The vitamin and trace mineral premixes used for the different diets are provided in Tables 2 and 3 . The 2001 diets contained less vitamin A and cholecalciferol but more B 12 , riboflavin, and niacin than did the 1957 diets. The 2001 diets also contained a number of other added vitamins (Table 3) and Se, which was not in the 1957 diets. The levels of Mn, Fe, Cu, I, and Co also differed between the two dietary regimens (Table 2) , and the forms in which these trace minerals were added were also different. Zinc was added to the 2001 diets but not to the 1957 diets.
A change from the 1991 study (Havenstein et al., 1994a ) was made, in that the starter for the 1957 diet was fed from 1 to 42 d of age, and the grower was fed thereafter. This is probably more typical of what was actually done in 1957, rather than having the starter diet fed for 3 wk only, as was done in the 1991 study. The 2001 dietary regimen consisted of a starter (d 0 to 21), grower 1 (2 kg/bird), grower 2 (2 kg/bird), and a finisher, which is different than the 0 to 21 d starter and single grower regimen used for the 1991 diet in the 1991 study. The 2001 dietary regimen is similar to many commercial broiler rations that were being fed in the United States during 2001. This change in dietary regimen might have had some effects on the outcome of the current study in comparison to what was observed for the 1991 study but is reflective of nutritional management changes that have taken place in the industry, and those effects will be included in the diet effects from the current study.
Other Experimental Procedures
The birds were placed into a 32-pen curtain-sided house (the same house used by Havenstein et al., 1994a,b) in a randomized block design using a factorial arrangement of two strains, two dietary regimens, and two sexes randomly assigned within each of four replicate blocks (i.e., eight pens per block). Warm-room brooding was accom- Amounts fed of 2001 diets: starter = 1 kg; grower 1 = 2 kg; grower 2 = 2 kg; finisher = remainder of test.
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Trace mineral premixes for the two diets are given in Table 2 . 4 Vitamin premixes and coccidiostats for the two sets of diets are given in Table 3 . plished for the present experiment with two propane heaters mounted at the ceiling in each end of the building. The hot air from the heaters was directed into stirring fans aimed at the ceiling that mixed and distributed the warm air evenly into all of the pens. Temperatures at bird level with this system were maintained at ±0.6°C.
Mortality and the BW of all mortalities were recorded daily. All living birds were individually weighed, and the feed remaining for each pen was weighed back at 21, 42, 56, 70, and 84 d of age for the calculation of FC (kg of feed per kg of live weight). The FC was also calculated for total live plus dead weight, but is not reported because mortality was low and the results were similar.
Four birds from each pen were inoculated at 21d of age with SRBC as part of a companion study on immune function (Cheema et al., 2003) . The four blocks (eight pens of each strain-sex-diet subgroup) were slaughtered at 43, 57, 71, and 85 d of age for the companion study on processing yield and other carcass measurements .
Statistical Analysis
All data were analyzed using the general linear models procedure of SAS software (SAS Institute, 1996) . When possible, the two-and three-way interactions were in- 
RESULTS AND DISCUSSION
Growth Rate
Body weights at 21, 42, 56, 70, and 84 d of age are summarized in Table 4 . As in the Havenstein et al. (1994a) comparison of the 1991 Arbor Acres Broiler with the 1957 ACRBC when fed "typical" 1991 and 1957 diets, highly significant differences were observed in BW due to strain, sex, and diet at all ages. The strain by diet, strain by sex, and sex by diet interactions were significant (P < 0.05) at all ages except for the strain by sex interaction at 84 d of age. The three-way interaction was significant at 42, 56, 70, and 84 d of age. Growth rate of Ross 308 broilers was excellent, with the average of both sexes for the flock reaching 2,672 g at 42 d of age and 5,520 g at 84 d of age. The ACRBC on the 1957 diet weighed only 539 g and 1,430 g at the same ages, which was very similar to the weights achieved at those ages (i.e., 508 g and 1,400 g) in the 1991 study reported in Havenstein et al. (1994a) . Using the average of both sexes ( 
Effects of Diet on Growth
The 2001 diet increased the BW of the ACRBC birds by 7.2 to 12.6% at the five ages measured (Table 4 ). In the 1991 study reported by Havenstein et al. (1994a) , the 1991 diet increased the BW of the ACRBC by 20.1 to 23.5%. This difference between the two studies was a result of the ACRBC in the current study performing slightly better on the 1957 diet in the 2001 than in the 1991 study, and the ACRBC on the 2001 diet grew slightly less well in the current study than it did on the 1991 diet in the 1991 study. Although this result was unexpected, it may be a result of the attempt to eliminate feed wastage by the ACRBC strain in the current study by inserting male exclusion grills in the feeding area of the tube feeders to prevent birds from getting into the feeder and scratching the feed out into the litter. This was not done in the 1991 study. As reported by Havenstein et al. (1994a) , a large amount of feed wastage occurred in the 1991 study due to the propensity of the ACRBC strain for getting into the feeders and scratching out the feed. The exclusion grills eliminated most of the feed wastage, and therefore, improved the accuracy of measuring the true FC for the ACRBC but might have also reduced their ability to get at and break down the 2001 pelleted feed. If so, this might have reduced the difference in performance between the control groups on the two diets in this study compared with the difference observed in the 1991 study.
For the Ross 308, the 2001 diet increased BW by 21.4, 25.7, 32.2, 25.1, and 23.2% over that observed with the 1957 diet at 21, 42, 56, 70, and 84 d of age, respectively (Table 4 ). In the 1991 study, the 1991 diet increased the performance of the Arbor Acres strain by 24.6, 20.2, 14.9, 12.3, and 7 .6% respectively at the same ages. This apparent difference in relative BW response in the two studies of the modern bird at the different ages on the modern and old diets may be primarily related to the level of leg problems in the 1991 Arbor Acres in comparison to what was observed for the Ross 308 in the current study. As reported by Havenstein et al. (1994a) , a large amount of tibial dischondroplasia was present in the Arbor Acres strain in the 1991 study. It was suggested that leg problems in that study, especially in the males on the 1991 feed, caused the difference between the strains on the two feeds to decline with increasing age. Although tibial dyschondroplasia was not measured in the current study, and some leg problems and late mortality were observed in the Ross 308, the growth advantage provided by the modern diet in comparison to the 1957 diet did not decline much for the birds that survived to the later ages. This response might have been due to the addition of 25-hyrdoxycholecalciferol 3 and phytase 4 to the 2001 diets, which were not added to the 1991 diets. Mitchell et al. (1997) reported that addition of 5 µg 25-hyrdoxycholecalciferol decreased the incidence and severity of tibial dyschondroplasia. Similarly, Punna and Roland (2001) reported 600 phytase units (FTU)/kg Phytase from Natuphos significantly decreased the incidence of severe tibial dyschondroplasia scores. in agreement with previously published studies on the ACRBC line (Marks and Siegel, 1971; Marks, 1979) . Although no data on the performance of the ACRBC strain have been reported since Havenstein et al. (1994a,b) , the performance of the ACRBC strain reported herein is well within the range of historical performance reported in the previous study. Chambers et al. (1981) reported that 1978 broilers were approximately 2.3 times as large as the 1958 Ottawa Meat Control at 47 d of age. Marks (1979) reported changes in growth rate that were similar to those reported by Chambers et al. (1981) . Sherwood (1977) published one of the first studies that attempted to examine the relative contributions that changes in genetics and nutrition have made on the growth rate of broilers when he compared the performance of the ACRBC strain and the 1976 Hubbard broiler when reared on 1953 and 1976 diets. He reported that the Hubbard broilers he used were 2.2 times heavier than the ACRBC at 56 d of age. In a similar study reported 15 yr later, Havenstein et al. (1994a) reported that 1991 Arbor Acres feather-sexable broilers when fed a representative 1991-type diet were 3.9 times as heavy as the ACRBC strain on a typical 1957 diet and 3.2 times as heavy as the ACRBC on a typical 1991 diet. Thus, it appeared that broiler growth rate had increased by approximately 73 g/yr during the 15 yr (1976 to 1991) between the Sherwood (1977) and Havenstein et al. (1994a) studies.
Historical Growth Data for the ACRBC Strain
Comparison with Previous Growth Rate Studies
In the current study, the Ross 308 broiler on the 2001 feed at 56 d weighed 4.87 times as much as the ACRBC strain on the 1957 feed. The Ross 308 broiler was also 838 g heavier on the 2001 feed at 56 d of age in the current study than was the AA on the 1991 feed in the 1991 study (Havenstein et al., 1994a) . If the Arbor Acres and the Ross 308 were truly representative of broilers being grown in 1991 and 2001, respectively, this 27% increase in BW indicates that broiler growth rate has increased by nearly 84 g per year from a combination of genetic and nutritional changes during the past 10 yr. As indicated earlier, due to a poor hatch for the ACRBC strain, only 21 broilers were placed per pen in this study versus 30 broilers in the Havenstein et al. (1994a) study, and so the extra space per bird may have contributed somewhat to the difference in BW observed between the modern and control birds in the two studies. The effects of this confounding cannot be evaluated or removed from the two studies. Assuming, however, that the birds in both studies had plenty of room to reach their full genetic potential, especially at 56 d, this increase in growth rate is even more rapid than was reported in the preceding years. That is, the Sherwood (1977) BW data showed an average increase of 58 g/yr from 1957 to 1976, and Havenstein et al. (1994a) estimated that BW had increased 73 g/yr from 1976 to 1991.
As discussed above under diet effects, the difference in performance between the ACRBC groups on the old and modern diets in the current study, and in the 1991 study, make it difficult to interpret how much changes in diet have contributed to the overall performance change. The data of Sherwood (1977) and Havenstein et al. (1994a) indicated that about 85 to 90% of the increase in broiler BW has come about due to the genetic selection that has been applied by commercial breeding companies. Observation of the birds from the current study, even though no direct measurements of leg problems were made, indicated that far fewer leg problems were present in the current than in the Havenstein et al. (1994a,b) study and led to the conclusion that the absence of such problems resulted in better performance at the later ages in the current study, especially for the males. Reductions in leg problems could, of course, be due to genetic changes brought about by either within or between strain selection or due to some of the dietary changes that have been made in the years between the two studies. The change from inorganic to several organic and more digestible sources of minerals, addition of 25-hydroxy D 3 , and addition of phytase, as used in the 2001 diet, which improves mineral absorption, might have contributed to this improvement (Simons et al., 1990; Swick and Ivey, 1990; Hoppe and Schwarz, 1993; Mitchell et al., 1997) .
The current study shows that the 2001 diet increased the growth performance of the Ross 308 by 21 to 32% for the various ages measured over that observed with the 1957 diet. The relative difference in BW between the Ross 308 broiler on the 2001 diet versus the Ross 308 on the 1957 diet indicated that the change in diet increased growth rate by 10.8, 7.4, 9.7, 9.6 , and 12% at the five ages measured. This is in good agreement with the reports by Sherwood (1977) and Havenstein et al. (1994a) that 10 to 15% of the growth rate increases for broilers has been contributed by improvements in nutrition.
Mortality and Comparison with Previous Study
Cumulative mortality figures for each strain, sex, diet, and age group are provided in Table 5 . Mortality in general was quite low during the early part of the experiment, with cumulative mortalities of only 1.78% for the ACRBC on the 1957 diet and 3.57% for the Ross 308 through 42 d of age. Mortality rates were approximately half those reported by Havenstein et al. (1994a) in the similar 1991 study. None of the strain, diet, sex, or interaction effects were significant at any age from 21 through 70 d. Mortality did increase considerably in the Ross 308 males at 56 through 84 d and in the Ross females at 84 d of age, but due to the limited numbers of birds used, the only significant effect was for strain (P = 0.029) at 84 d of age. Because livability as a trait has very low heritability (e.g., see Kinney, 1969) , it is assumed that the large decrease in mortality rate between the current and the 1991 study was primarily due to improvements made in brooding management within the test facility during the past 10 yr. Some of the difference may be due to the use of different "modern" strains in the current and Havenstein et al. (1994a) study, but the fact that the mortality in the ACRBC strain in the current study decreased by approximately half at the same time that the mortality of the modern strain decreased by approximately half leads us to conclude that most of the change in mortality for the modern strains in the two studies was probably due to an improved growing environment. Most of the late mortality that did occur in the Ross 308 line in the current study was due to leg-associated problems. However, specific measurements of tibial dyschondroplasia were not made in the present study, as they were in the Havenstein et al. (1994a) study, due to budgetary restrictions.
Feed Conversion
Cumulative FC data are summarized by strain, sex, diet, and age in Table 6 . Strain, diet, and sex effects were present (P < 0.01) except at 84 d of age when, due to the limited data available, they only approached significance. None of the interaction effects were significant except for the strain × diet interactions at 21and 42 d of age. In both of those cases, the difference in FC between diets was much larger in the modern strain than in the control strain. At d 21, the ACRBC males on the 1957 diet unexpectedly had better FC than the ACRBC males on the 2001 diets. This finding also contributed to the significant Titus, 1961) . The 1957 starter and grower diets were fed as mash, and the 2001 starter was fed as crumbles and the grower and finisher were fed as pellets.
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One pen from each group was exsanguinated at 43, 57, 71, and 85 d of age to gather processing information. Therefore, mortality during the subsequent periods was based on the number alive in the remaining pens at the start of each period. 4 Block effects were not significant, so they were not included in the analysis. Probabilities are reported on the analysis of the arc sin percentage data. 5 NA = not applicable; data from only one block of eight pens available for analysis. strain × sex interaction. All subsequent ages performed as expected for the ACRBC strain.
The FC (average of both sexes) for the Ross 308 was 1.63 at 42 d of age with a BW of 2,672 g (Tables 4 and 6 ). By using the 21 and 42 d BW and FC, one can estimate that the Ross 308 strain reached 1,815 g at approximately 32 d of age on a FC of approximately 1.46. In contrast, 10 yr earlier, the Arbor Acres used in the 1991 study (Havenstein et al., 1994a) reached 1,815 g at approximately 37 d of age on a feed conversion of approximately 1.92. The FC of the ACRBC strain on the 1957 diet was 2.34 at 42 d of age, which was considerably better than the FC of 3.00 reported for the same group by Havenstein et al. (1994a) . As was noted in that study, excessive feed wastage occurred in the ACRBC pens and was believed to be the primary cause of the inflated FC figures. Assuming that the efforts to curb feed wastage in the current study were successful and, therefore, that the FC figures and BW for the ACRBC strain on the 1957 diet herein are reasonable for the strain, it then appears that one could predict that it would have taken the ACRBC strain about 17 additional d (i.e., to 101 d) to reach 1,815 g BW and that FC at that weight would have been approximately 4.42. Sherwood (1977) predicted that it would have taken 103 d for the ACRBC strain to reach 1,815 g BW. The current estimate assumes that the BW and FC changes during the 70-to-84-d period would have continued at the same rate for the next 2 to 3 wk. Thus, genetics, nutrition, and other management changes over the last 44 yr have resulted in 2001 broilers that require approximately one-third the time (32 vs. 101 d) and a threefold decrease in the amount of feed consumed to produce a 1,815 g broiler.
In conclusion, genetics, nutrition and other management changes over the last 44 yr have resulted in a 2001 broiler that required approximately one-third the time 
